We compared strategies to increase the rate of influenza vaccination. A written standing-orders policy that enabled nurses to vaccinate patients was compared with augmentation of the standing-orders policy with either electronic opt-out orders for physicians or electronic reminders to nurses. Use of opt-out orders yielded the highest vaccination rate (12% of patients), followed by use of nursing reminders (6%); use of the standing-orders policy alone was ineffective. 2009; 30:86-88 Despite the effectiveness of influenza vaccination, many highrisk individuals are not vaccinated.
however, the success of these policies likely depends on the setting and on the implementation strategy. Some implementation strategies rely on healthcare workers to screen patients for high-risk criteria; 3, 4 this may compromise the program's sustainability. Computer-generated orders have increased vaccination rates without requiring labor-intensive screening; 5 however, whether it is necessary to include physicians in a decision-support intervention is unknown.
methods
We performed a clinical trial that evaluated 3 influenza vaccination strategies among internal-medicine patients at Cook County Hospital, a 464-bed public hospital in Chicago, Illinois, during the 2005-2006 influenza season. All attending physicians and housestaff are assigned to 1 of 3 administratively distinct teams (ie, "firms"). Admitted patients are sequentially assigned to these firms, resulting in similar patient populations.
Before project initiation, we conducted focus group sessions with nurses; attendees indicated that a standing-orders policy would increase vaccination. We implemented a written standing-orders policy that enabled nurses to vaccinate all patients without contraindication, regardless of firm or presence of high-risk criteria. We conducted mandatory educational sessions for nurses. We designated 1 firm as a control firm, for which there were no additional interventions. For other firms, we augmented the policy with decision-support strategies: electronic (ie, computer-generated) preselected opt-out orders presented to physicians (ie, the opt-out firm) or electronic nursing reminders to follow the policy (ie, the nursing-reminder firm). The project was reviewed by the Institutional Review Board at Cook County Hospital.
For the nursing-reminder firm, nurses' computer-generated activity lists had the reminder automatically added at the time of patient admission. Reminders remained active until removed by nurses; there was no pop-up message. For the opt-out firm, physicians were presented with a dialogue box that displayed a preselected order, triggered by a "discharge-patient" order; orders were submitted unless deselected, routed to nurses' activity lists, and printed at nursing stations. We used our information system's decision-support software (Cerner).
To determine vaccination rates, we retrospectively reviewed a random sample of patients who were discharged from the hospital during the intervention (November 22, 2005-March 7, 2006), stratified by firm. We recorded the patients' demographic characteristics, criteria for influenza vaccination, 2 admission diagnosis, and peak temperature within 24 hours before discharge. Data on prehospitalization vaccination were not routinely recorded, and because bedside interviews would have sensitized patients to the need for influenza vaccination, we intentionally avoided this potential source of bias.
We assumed a baseline vaccination rate of 10% and prespecified a 20% increase in the rate as clinically meaningful. Setting a at .05 and statistical power at 0.8, we calculated that we needed a sample size of 62 patients per firm. In anticipation of medical charts being missing, we sampled 70 patients per firm. We created an indicator variable for firm assignment; the control firm was the referent group. We compared categorical variables with use of the x 2 test or the Fisher exact test. We compared continuous variables across multiple categories with use of analysis of variance. We report 2-tailed P values. We used Stata software, version 8.2 (Stata Corporation), for statistical analyses.
results
Of 210 patients, 6 were excluded from the study either because medical records were missing or because there was an intrahospitalization change in firm assignment. Among 204 patients in the final sample, the median age was 52 years, most (83%) met the criteria for influenza vaccination, 2 and few (4%) were febrile within 24 hours before discharge from the hospital. Patient characteristics were similar across firms (Table 1) .
Overall, 13 patients (6.4%) were vaccinated. Vaccination was most likely to occur in the opt-out firm (12% of patients), followed by the nursing-reminder firm, then the control firm (Table 2 ). Physicians accepted the order for 51 (77%) of 66 patients in the opt-out firm; however, the vaccine was often strategies for influenza vaccination of inpatients 87 not administered. The only characteristic significantly associated with vaccine receipt was admission to the opt-out firm. Compared with all other groups combined, African American patients were less likely to receive vaccine (11% vs 4%; ). None of the 8 febrile patients were vaccinated. P p .08 discussion Of the 3 strategies for implementing standing-orders policies for influenza vaccination, establishment of a written policy coupled with nursing education was ineffective. The most effective strategy was to augment the policy with automated presentation of preselected computerized "pop-up" orders to physicians; electronic prompts to nurses resulted in a nonsignificant increase in the vaccination rate.
Our control group implementation strategy was relatively simple. For example, we did not require healthcare workers to screen patients, and we did not give feedback on the vaccination coverage rate. Despite this relatively simple implementation strategy, considerable effort was required to obtain administrative approval and to educate nurses about the vaccine and the new standing-orders policy. Even after we augmented the control-group strategy with electronic reminders to nurses, there was a nonsignificant increase in the rate of vaccination.
Low influenza vaccination rates among hospital patients have been reported. For example, standing-orders policies were ineffective in several large hospitals (yielding a vaccination rate of less than 10%); 6 patient-specific physician reminders have been ineffective (yielding a vaccination rate of 2%); 7 and, without a specified intervention, Medicare patients rarely are vaccinated (vaccination rate, 2%).
1 Hospitals present unique challenges, because physicians focus on acute issues rather than preventive interventions, 7 and there is diffusion of responsibility (ie, many nurses care for a single patient). Success may be easier to achieve in smaller community hospitals. 4 Our best vaccination rates occurred when we presented physicians with opt-out orders that popped up in the computer record at the time of patient discharge; physicians usually accepted the order, and there was a significant increase in the patient vaccination rate. Incomplete vaccine administration likely resulted from the following work-flow factors: the lack of an electronic medication administration record and the logistical challenges of vaccinating patients during the discharge process-a relatively short time period, during which there are competing priorities.
Dexter et al. 5 reported influenza vaccination rates higher than ours in a study of system-generated, patient-specific orders (42%). Their system was more sophisticated in that it allowed temporal triggers to present physicians with optout orders on each hospital day, and they had an electronic medication administration record. During the 2006-2007 influenza season, after we activated an electronic medication administration record but when there were no additional interventions, the rate of influenza vaccination for all patients increased to 36%. 8 Because, for both of our evaluations, prehospitalization vaccination status was unknown, our denominators included previously vaccinated (ie, ineligible) patients; therefore, our reported vaccination rates are artificially low.
In contrast to interventions reported by other investigators, we intervened for all patients for the following reasons: most patients meet the criteria for high-risk status (83% of patients in our study and 96% in a prior study), vaccination is costeffective for individuals who do not meet the criteria for highrisk status, 9 and electronic identification of these criteria would miss some high-risk patients. In a previous trial, using electronic rules, only approximately 50% of general medicine patients were deemed eligible for vaccination, 5 suggesting that either there were substantial differences between our and their patient populations or that electronic identification of highrisk patients has low sensitivity.
Our study had several limitations. We studied a single, large, urban hospital. Although it may not be possible to generalize our findings to dissimilar hospitals, our study provides balance to studies performed in settings manifestly different from ours. Also, because we avoided bedside patient interviews, we could not exclude previously vaccinated patients or other ineligible patients from our denominator. A prior cross-sectional survey revealed that 30% of patients had been vaccinated before hospitalization; therefore, we estimated a 17% vaccination rate for vaccine-eligible patients in our opt-out firm.
Implementation of universally applied, written standingorders policies is unlikely to meaningfully increase influenza vaccination rates in many hospitals. For hospitals with the technical capacity, a more effective and less labor-intensive strategy is to provide physicians with electronic preselected orders. Because most general medicine patients meet highrisk status criteria for influenza vaccination, and because electronic rules likely miss many patients, opt-out orders will have a greater impact on disease prevention if activated for all general medicine patients.
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